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Background. In May 2013, a wild poliovirus type 1 (WPV1) outbreak reported in Somalia provided an opportunity to examine
the contribution of testing contacts to WPV detection.

Methods. We reviewed acute flaccid paralysis (AFP) case-patients and linked contacts reported in the Somalia Surveillance Da-
tabase from May 9 to December 31, 2013. We restricted our analysis to AFP case-patients that had ≥3 contacts and calculated the
contribution of each contact to case detection.

Results. Among 546 AFP cases identified, 328 AFP cases had ≥3 contacts. Among the 328 AFP cases with ≥3 contacts, 93
WPV1 cases were detected: 58 cases (62%; 95% confidence interval [CI], 52%–72%) were detected through testing stool specimens
from AFP case-patients; and 35 cases (38%; 95% CI, 28%–48%) were detected through testing stool specimens from contacts, in-
cluding 19 cases (20%; 95% CI, 14%–30%) from the first contact, 11 cases (12%; 95% CI, 7%–20%) from the second contact, and 5
cases (5%; 95% CI, 2%–12%) from the third contact. Among the 103 AFP cases with ≥4 contacts, 3 (6%; 95% CI, 2%–16%) of 52
WPV1 cases were detected by testing the fourth contact. No additional WPV1 cases were detected by testing >4 contacts.

Conclusions. Stool specimens from 3 to 4 contacts of persons with AFP during polio outbreaks are needed to maximize detec-
tion of WPV cases.
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In 1988, the World Health Assembly (WHA) of the World
Health Organization (WHO) resolved to interrupt wild poliovi-
rus (WPV) transmission worldwide and launched the Global
Polio Eradication Initiative (GPEI) [1]. In 2012, the WHA de-
clared the completion of polio eradication a programmatic
emergency for public health [2], and it reported that annual
WPV cases increased from 223 in 2012 to 416 in 2013 [3], an
increase partly caused by several large outbreaks in previously
polio-free countries in the Horn of Africa, Middle East, and
Central Africa [3–8]. On May 9, 2013, a WPV type 1 (WPV1)
case, genetically linked to WPV in Nigeria, was confirmed in a
32-month-old girl from Mogadishu, which is located in the Ba-
nadir Region of Somalia; the ensuing outbreak ultimately spread
into 2 additional countries in the Horn of Africa [9, 10]. Before
this outbreak, Somalia had been polio-free since March 2007 [5,
11]. We reviewed acute flaccid paralysis (AFP) surveillance data
from the 2013 polio outbreak in Somalia to examine the added

contribution of WPV detection from stool specimens collected
from contacts of persons with AFP.

METHODS

Acute Flaccid Paralysis Surveillance System
During 2013, AFP cases in Somalia were detected by passive
weekly reporting from approximately 500 designated reporting
sites across the country. In addition, active surveillance is con-
ducted by an extensive network of trained locally recruited polio
officers and volunteers supervised by international technical
staff [12] who visit health facilities and communities to conduct
active searches for AFP cases. An AFP case was defined as
(1) any occurrence of acute onset flaccid paralysis in a child
<15 years of age or (2) any case of paralytic illness in a person
of any age in whom poliomyelitis is suspected. An AFP contact
was defined as a child <15 years of age residing in the same
household or neighboring households, and who has been in di-
rect contact with the AFP case-patient at any time from 1 week
before the onset of paralysis up to 2 weeks after onset of paral-
ysis [13]. Two stool specimens of adequate volume (8–10
grams) were collected from each AFP case-patient within 14
days of paralysis onset and ≥24 hours apart. Attempts were
made to collect stool specimens from ≥3 AFP case contacts.
All stool specimens were transported to the Kenya Medical Re-
search Institute polio laboratory for virologic diagnosis as per
GPEI recommendation [14, 15]. An AFP case was confirmed

Received 13 February 2016; accepted 20 May 2016.
aPresent Affiliation. United Nations High Commissioner for Refugees, Dar es Salaam,

Tanzania.
Correspondence: E. Moturi, MD, MPH, Centers for Disease Control and Prevention, 1600 Clifton

Road NE, MS A-32, Atlanta, GA 30329-4027 (kwamsie@gmail.com).

Open Forum Infectious Diseases®

Published by Oxford University Press on behalf of the Infectious Diseases Society of America 2016.
This work is written by (a) US Government employee(s) and is in the public domain in the US.
DOI: 10.1093/ofid/ofw111

Contribution of Contact Sampling • OFID • 1

mailto:kwamsie@gmail.com


to be polio if WPV1 was isolated from stool specimens of either
the AFP case-patient or any of their contacts.

Statistical Methods
We reviewed epidemiological and laboratory information for AFP
cases and linked contacts reported during the polio outbreak in
Somalia from May 9 to December 31, 2013. Data from case inves-
tigation forms and laboratory results of all AFP cases and contacts
were obtained from an EpiData software surveillance database
maintained by the WHO Somalia office in Nairobi [16].We com-
bined all WPV cases (identified by either AFP case or linked con-
tact) and linked contacts (WPV positive and/or negative) into a
dataset for analysis. We estimated the added contribution of
each contact specimen using a method similar to that described
by Gary et al [17], which derives maximum-likelihood esti-
mates for specimen sensitivities of each stool specimen. This
method has previously been used to assess sensitivities of
the first and second stool specimens collected from AFP
case-patients, by assuming each stool specimen to be indepen-
dent of each other; therefore, each stool specimen functions as
the gold standard estimate for the other specimen [18, 19].

The analysis was among AFP cases with at least 3 contacts.
To determine the incremental contribution of each contact,
we further restricted our analysis to the contribution of the
first, second, third, and fourth contact. We created 2 subsets:
(1) AFP cases that had ≥3 contacts and (2) AFP cases that
had ≥4 contacts. All stool specimens within each subset were
mutually exclusive. The total number of WPV-positive stools
(ie, including those identified from testing AFP case-patients
or any of their case-contacts) was the denominator for each sub-
set. We calculated the number and percentage of WPV cases
identified by testing (1) AFP case-patients and (2) case-contacts
for the specified contact number (first, second, third, and fourth).
We were unable to do statistical tests of significance comparing
the contributions of third and fourth contact stool because the
analysis of those with ≥4 contacts is not independent of the anal-
ysis of those with ≥3 contacts (ie, stools of AFP case-patients
with ≥4 contacts are a subset of those with ≥3 contacts).

To demonstrate any potential increase in case detection after
testing >4 contacts, we determined the proportion of WPV-
positive stool specimens provided by AFP case-patients or
case-contacts for the first through the sixth contact. However,
denominators for each calculation are not constant, and the pro-
portions are not independent; therefore, they do not add up to the
overall total.

The added contribution of each contact specimen is present-
ed with Wilson score 95% confidence intervals (CIs). Data were
analyzed using SAS version 9.3 (SAS Institute Inc.) and R ver-
sion 2.12.1 (R Foundation, Vienna, Austria). Indicators of stool
adequacy, timeliness of specimen collection, condition of arrival
at laboratory, and median time from collection of first and sec-
ond AFP stool specimen were also calculated.

RESULTS

Of the 546 reported AFP case-patients during the 2013 polio
outbreak in Somalia, 479 (88%) were children aged <5 years;
the median age was 24 months (range, 1 month–40 years),
and 324 (59%) were male. Two adequate specimens were col-
lected for 545 (99.8%) AFP cases, 540 (99.1%) had an interval
of 24–48 hours from collection of specimen 1 to collection of
specimen 2, and 543 (99.6%) had 2 stool specimens arrive in
the laboratory in good condition. The first specimen was collect-
ed within a median of 6 days after paralysis onset (range, 0–138
days), and the second stool specimen was collected within a me-
dian of 7 days (range, 1–139 days) after paralysis onset. The in-
terval between the 2 specimens ranged from 1 to 4 days. The
median interval from onset of paralysis to arrival of the second
stool specimen to the laboratory was 13 days (range, 2–144 days).

Among the 546 AFP cases, 41 (7.5%) had a single contact
tested, 49 (9.0%) had 2 contacts, 225 (41.2%) had 3 contacts,
31 (5.7%) had 4 contacts, 56 (10.3%) had 5 contacts, 16
(2.9%) had 6 or more contacts, and 128 (23.4%) had no contact
stool specimens. In total, 1738 AFP contact stool specimens
were collected; 1581 (90.9%) of contact stool specimens were
collected within 7 days of onset of paralysis in linked AFP
cases. The majority, 1165 (67%), of AFP case contacts were chil-
dren <5 years old; the median age was 36 months (range, 1
month–83 years), and 1172 (67.5%) were male.

Wild poliovirus type 1 cases were detected during April–
October 2013, and they peaked in June when collection of
stool specimen from contacts also peaked (Figure 1). Of the 194
WPV1 cases identified during the 2013 polio outbreak in Soma-
lia, 145 (74.7%) were detected through testing stool specimens
collected from AFP case-patients, and 49 (25.3%) were detected
only through testing stool specimens collected from AFP case
contacts. For the 145 WPV1 cases identified by testing stool
specimens collected from AFP case-patients only, the median
interval from onset of paralysis to arrival of the second stool

Figure 1. Acute flaccid paralysis (AFP) cases, AFP case-contacts, and confirmed
wild poliovirus (WPV) cases reported, by month—Somalia, 2013.
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specimen to the laboratory was 13 days (range, 2–49 days). The
median interval from onset of paralysis to arrival of the second
AFP stool specimen in the laboratory for WPV1 cases identified
by testing contact stool specimens only was 16 days (range, 5–48
days).

Of the 546 AFP case-patients, 328 (60%) had ≥3 contacts.
Testing stool specimens from these AFP case-patients and
their contacts identified a total of 93 WPV1 cases. Of these,
58 (62%; 95% CI, 52%–72%)WPV1 cases were detected by test-
ing stool specimens from AFP case-patients, 19 (20%; 95% CI,
14%–30%) cases were detected by testing the first contact, 11
(12%; 95% CI, 7%–20%) cases were detected by testing the sec-
ond contact, and 5 (5%; 95% CI, 2%–12%) cases were detected
by testing the third contact. Cumulatively, testing 3 case-contacts
detected 35 (38%; 95% CI, 28%–48%) additional WPV1 cases
(Table 1).

Of the 546 AFP cases, 103 (19%) had ≥4 contacts. Testing
stool specimens from these AFP case-patients and their contacts
identified a total of 52 WPV1-positive stools. Of these, 29 (56%;
95% CI, 42%–68%) WPV1 cases were detected only by testing
AFP stool specimens, 9 (17%; 95% CI, 9%–30%) cases were de-
tected by testing the first contact, 7 (13%; 95% CI, 7%–25%)
cases were detected by testing the second contact, 4 (8%; 95%
CI, 3%–18%) cases were detected by testing the third contact,
and 3 (6%; 95% CI, 2%–16%) cases were detected by testing
the forth contact. Cumulatively, testing 4 case-contacts detected
23 (44%; 95% CI, 32%–58%) additional WPV1 cases (Table 2).

Among the 49 WPV cases detected only by testing contact
stool specimens, 25 (18%; 95% CI, 13%–26%) were detected by
testing the first contact, 13 (11%; 95% CI, 7%–18%) were detect-
ed by the second contact, 5 (5%; 95% CI, 2%–12%) were detected
by the third contact, 3 (6%; 95% CI, 2%–16%) were detected by
the fourth contact, and none were detected by the fifth and sixth
contacts (Table 3). Three WPV cases were detected by testing >6
AFP case-contacts and were excluded from analysis.

During 2012, the nonpolio AFP (NPAFP) rate was 2.9 in
2012, the year before the outbreak began, and there were 2
polio-compatible cases reported that year. The NPAFP rate
was 6.4 and 7.4 in 2013 and 2014, respectively. There were 15
and 4 polio-compatible cases reported during 2013 and 2014,
respectively. There is no environmental surveillance in Somalia.

DISCUSSION

This analysis demonstrates that testing of stool specimens from
contacts of AFP case-patients increased WPV case detection
during the polio outbreak in Somalia fromMay 2013 to Decem-
ber 2013. In addition to an overall increase in sensitivity by con-
tact sampling, the first confirmed WPV cases in Central and
South regions of Somalia were detected by contact sampling
alone, which enabled initiation of targeted outbreak response
vaccination. Collecting the first and second contact stool spec-
imens had the greatest impact on the proportion of WPV cases
detected with diminishing contribution detected by the third
and subsequent contact stool specimens. This is because as
more specimens are collected, it is more likely that 1 of the pre-
ceding stools was positive, diminishing the contribution of the
contact in question. Our findings support the existing policy in
the Eastern Mediterranean Region of WHO to collect 1 stool
specimen from ≥3 contacts of every AFP case-patient to im-
prove WPV detection [20, 21]. Contact stools should be collect-
ed within 2 months from the date of onset of paralysis in the
AFP case-patient.

Table 1. Proportion of Positive Stools Detected From Testing Stool
Specimens From AFP Case-Patients With at Least Three Case-Contacts,
Somalia 2013 (n = 93)

Stool Specimen
Source

Number WPV
Detected

%WPV
Detected

95% CI

Positive AFP case 58 62.4 52–72

1 19 20.4 14–30

2 11 11.8 7–20

3 5 5.4 2–12

Total positive 93 100

Abbreviations: AFP, acute flaccid paralysis; CI, confidence interval; WPV, wild poliovirus.

Table 3. Proportion of Cases Detected From Testing Stool Specimens
From AFP Case-Patients and Contacts, Somalia 2013 (N = 418)

Number of
Contacts
(K)

Number Positive
Stools Detected
by AFP Case-
Patient or Kth

Contact

Number WPV
Detected by
Kth Contact

Onlya

%WPV
Detected by
Kth Contact

Only 95% CI

1 137 25 18.2 12.7–25.6

2 114 13 11.4 6.8–18.5

3 93 5 5.4 2.3–12.0

4 52 3 5.8 2.0–15.6

5 36 0 0.0 .0–9.6

6 10 0 0.0 .0–27.8

Abbreviations: AFP, acute flaccid paralysis; CI, confidence interval; K, number of specified
contacts; WPV, wild poliovirus.
a Three WPV cases were detected by testing >6 AFP case-contacts and were excluded from
analysis.

Table 2. Proportion of Positive Stools Detected From Testing Stool
Specimens From AFP Case-Patients With at Least 4 Case-Contacts,
Somalia 2013 (n = 52)

Stool Specimen
Source

Number WPV
Detected

% WPV
Detected

95% CI

Positive AFP case 29 55.8 42–68

1 9 17.3 9–30

2 7 13.5 7–25

3 4 7.7 3–18

4 3 5.8 2–16

Total positive 52 100

Abbreviations: AFP, acute flaccid paralysis; CI, confidence intervals; WPV, wild poliovirus.
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The proportion of WPV1 cases identified by testing contacts
during this outbreak is higher than previously reported from the
Americas region, where testing 5 contact stool specimens for
every APF case resulted in an increased WPV case detection
of 10% in the period immediately before WPV circulation
was interrupted [22, 23]. However, testing any contacts was
later discontinued because the number of polio cases declined
in the region, and the increased sensitivity provided by contact
sampling did not justify the required resources. Routine testing
of stool specimen from all AFP cases has proven to be an effec-
tive strategy to detect polio cases in South Sudan and Somalia,
which have hard-to-reach areas [20].

Collecting contact stool specimens increases case detection,
but the contribution of testing additional contacts should be ba-
lanced with the associated increased testing burden on the sur-
veillance system. In addition, increased laboratory workload
caused by testing many contact stool specimens might poten-
tially reduce laboratory efficiency and result in a delay in pro-
cessing other programmatically important specimens. In this
outbreak, testing of 3 contacts identified 94% of WPV1 cases,
and testing of 4 contacts identified 100% of WPV1 cases. How-
ever, the sample sizes for AFP cases with 5 or 6 contact stool
specimens were too small to draw meaningful conclusions.
Some laboratories often test pools of specimens from contacts
of a single AFP case-patient to reduce laboratory work and in-
crease timeliness of reporting poliovirus testing results [24].
However, this was not done during this outbreak.

A limitation of our analysis is that no statistical test comparing
the contribution of each contact with the one preceding it could
be applied in our calculations because contact stool specimens
used in each successive calculation were a subset of the previous
contacts and overlapped. For example, case-patients with 4 con-
tacts were also included in the analysis for 3 contacts. Therefore,
our evaluation measured the proportion of WPV cases detected
by each contact stool specimen in the order recorded by the polio
staff. Moreover, AFP cases had different numbers of case contacts
and the contribution could not be compared.

CONCLUSIONS

Multiple outbreaks caused by importation of poliovirus in
polio-free countries have reinforced the need to maintain effec-
tive AFP surveillance to detect and guide an effective public
health response to poliovirus importations [5, 7]. In Somalia,
the high proportion of stool specimens arriving in the labora-
tory in good condition within 24–48 hours after collection
demonstrates a strong commitment to high-quality AFP sur-
veillance by public and private health practitioners, polio vol-
unteers, and traditional healers, despite the challenges of
conflict and insecurity. Such commitments to maximize the
quality and sensitivity of AFP surveillance systems in the re-
maining polio-endemic countries and countries at high risk

for reinfection are important to limit poliovirus spread from
importations.
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